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Abstract 



PURPOSE:To provide a method for producing sintered aluminum nitride, capable of sintering a 
relatively large-size molding in high yield at a low temperature of about 1700 deg.C and at the ordinary 
pressure. 

CONSTITUTiON:A method for producing sintered aluminum nitride is characterized by the following 
processes; With 100 pts.wt. aluminum nitride powder having 1.5mum-5mum average particle diameter, 
<=1 5wt.% content of fine particles of <=1mum particle diameter and <=3.5m<2>/g BET specific surface* 
area and containing yttrium or a yttrium compound and a sulfur compound respectively in an amount of 
0.5-5wt,% on yttrium oxide base and 70-500ppm on sulfur atom base, a calcium compound is admixed 
in an amount of 0.1-3 pts.wt. on calcium oxide base. The resultant mixture is molded and sintered in a 
non- oxidative atmosphere. 



Data supplied from the esp@cenet database - 12 



Cited Reference ,3 
5-97523 

[Title of the Invention] 

ALUMINUM NITRIDE SINTERED BODY PRODUCTION METHOD 
[Abstract] 

Constitution: An aluminum nitride sintered body production method 
which comprises: adding and mixing 0.1 to 3 parts by weight of a calcium 
compound in terms of calcium oxide to and with 100 parts by weight of an 
aluminum nitride powder which has an average particle diameter of 1.5 
^im to 5 Jim, a content of a fine particle with a particle diameter of 1 |im 
or less being 15% by weight or less and a BET specific surface area being 
3.5 m2/g or less, contains 0.5 to 5% by weight of yttrium or a yttrium 
compound in terms of yttrium oxide and contains 70 to 500 ppm of a 
sulfur compound as sulfur element; forming the resultant mixture; and 
firing the formed body under a non-oxidizing atmosphere. 
Effect: It is possible to sinter a relatively large-sized formed body at a low 
temperature about 1700°C in a normal pressure with a good production 
yield. 
[Claims] 

1. An aluminum nitride sintered body production method which 
comprises: adding and mixing 0.1 to 3 parts by weight of a calcium 
compound in terms of calcium oxide to and with 100 parts by weight of an 
aluminum nitride powder which has an average particle diameter of 1.5 
[im to 5 iim, a content of a fine particle with a particle diameter of 1 )im 



or less being 15% by weight or less and a BET specific surface area being 
3.5 mVg or less, contains 0.5 to 5% by weight of yttrium or a yttrium 
compound in terms of yttrium oxide and contains 70 to 500 ppm of a 
sulfur compound as sulfur element; forming the resultant mixture; and 
firing the formed body under a non-oxidizing atmosphere. 

2. The aluminum nitride sintered body production method 
according to claim 1, wherein 

the aluminum nitride powder which has an average particle 
diameter of 1.5 ^mi to 5 |im, a content of a fine particle with a particle 
diameter of 1 jim or less beingl5% by weight or less and a BET specific 
surface area being 3.5 mVg or less, and contains 0.5 to 5% by weight of 
jrttrium or a yttrium compound in terms of yttrium oxide and 70 to 500 
ppm of a sulfur compound as sulfur element is obtained by coating an 
alumina powder with a yttrium compound by precipitation and subjecting 
the resulting powder to reductive nitridation. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an aluminum nitride sintered 
body production method capable of producing a relatively large-sized 
sintered body can be produced at a lower temperature about 1700°C as 
compared with a conventional method. 
[0002] 
[Prior Art] 

Aluminum nitride (hereinafter, referred to as AIN in some cases) 
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has a high thermal conductivity and excellent high temperature 
characteristics and therefore has been attracting attention as a material 
usable for various applications such as an IC substrate, a packaging 
material, a heat sink, a furnace material, a jig for metallurgy and the like. 
However, as compared with oxide materials such as an alumina sintered 
body, it requires high sintering temperature, the production cost is high 
because the physical properties easily differ in the inside and the outside 
in the case of large-sized green bodies and the production yield is low, and 
its applications are limited. 
[0003] 

It is well known that in order tq carrying out sintering at a lower 
temperature, a finely granular AIN powder is used, and as a sintering aid 
CaO is used alone or in combination with Y2O3. In the case of using CaO 
alone, the thermal conductivity is hard to be increased and in the case of 
using it in combination with Y2O3, supposedly attributed to that these 
two types of sintering aids are difficult to be dispersed evenly, the 
physical properties of obtained sintered bodies tend to be uneven. 
Especially, such tendency becomes more significant as the size of a 
sintered body becomes large and in the case of a large-sized sintered body 
production, the progress of sintering differs depending on portions and 
owing to uneven shrinkage, warping and cracking easily take place to 
result in significant decrease of the yield of products. In addition to that, 
with respect to a large-sized formed body, a binder is more difficult to be 
evaporated at inner side and thus residual carbon increases to result in 
retardation of sintering. 
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[0004] . 

[Problems to be Solved by the Invention] 

In consideration of such circumstances, on the bases of 
investigations performed aiming to find a method capable of carrying out 
sintering at a lower temperature and producing a relatively large-sized 
aluminum nitride sintered body with a good production yield, inventors 
have found that the above-mentioned object can be accomplished entirely 
in the case that a raw material of a sintered body is obtained by mixing a 
specified amount of a calcium compound with an aluminum nitride 
powder previously compounded with a yttrium compound and having 
specified physical properties and forming and sintering the obtained 
mixture, thereby completed the present invention. 
[0005] 

[Means for Solving the Problems] 

That is, the present invention provides an aluminum nitride 
sintered body production method comprising: adding and mixing 0.1 to 3 
parts by weight of a calcium compound in terms of calcium oxide to and 
with 100 parts by weight of an aluminum nitride powder which has an 
average particle diameter of 1.5 )im to 5 [im, a content of a fine particle 
with a particle diameter of 1 jam or less being 15% by weight or less and a 
BET specific surface area being 3.5 mVg or less, and contains 0.5 to 5% by 
weight of yttrium or a yttrium compound in terms of yttrium oxide and 70 
to 500 ppm of a sulfur compound as sulfur element; forming the resultant 
mixture; and firing the formed body under a non-oxidizing atmosphere, 
[0006] 
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Hereinafter, the present invention will be described in detail. An 
aluminum nitride powder to be used for the present invention has an 
average particle diameter of 1.5 jxm to 5 ^im, preferably 2 to 4 |im. When 
the average particle diameter is less than 1.5 inm, the average diameter of 
pores formed among particles at the time of forming becomes small to 
deteriorate the binder removal property. On the other hand, when it 
exceeds 5 |im, the sintering property is deteriorated. 
[0007] 

Further, with respect to the aluminum nitride powder, the content 
of a fine particle with a particle diameter of 1 jim or less is preferably 
about 15% by weight or less. When a large quantity of fine particles are 
contained, the binder removal property is not good; therefore, the content 
of'a fine particle with a particle diameter of 1 |im or less is desired to be 
low. 
[0008] 

The specific surface area of the aluminum nitride powder to be 
used for the present invention is 3.5 mVg or less, preferably 2.5 rnVg or 
less. When the specific surface area is increased, the binder removal 
property is deteriorated and the content of residual carbon after sintering 
is increased. When the carbon content is increased, it causes an adverse 
effect on sintering and results in a low density of a sintered body. 
[0009] 

Furthermore, yttrium or a yttrium compound as a sintering aid 
has to be evenly contained in the aluminum nitride powder in order to 
obtain a sintered body with a high thermal conductivity and a high 



density. The content of 3rttriuin or the yttrium compound is preferably 
about 0.5 to 5% by weight in terms of 3rttrium oxide. When the content 
is smaller than 0.5% by weight, the effect as a sintering aid becomes low. 
[0010] 

The aluminum nitride powder containing yttrium or the j^trium 
compound as a sintering aid for the present invention is required to 
further contain 70 to 500 ppm of a sulfur compound as sulfur element. 
The reason is not necessarily clear but existence of sulfur improves the 
sintering property. When the amount of the sulfur compound as sulfur 
element is smaller than 70 ppm in the aluminum nitride powder, no 
sufficient effect can be attained and when it is larger than 500 ppm, 
electric properties of a sintered body such as insulating property, 
dielectric loss or the like become deteriorated. Further, it was found 
that uneven coloration, which is often observed in a conventional sintered 
body, is scarcely caused owing to existence of sulfur. It is supposed that 
the coloration unevenness is eliminated by improvement of the sintering 
property due to the cooperative effects with yttrium and increase of the 
density of the sintered body. Although coloration unevenness does not 
directly affect the physical properties of the sintered body, occurrence of it 
is not preferable since the value as a product is lowered. 
[0011] 

In the aluminum nitride powder used for the present invention, 
yttrium has to be evenly dispersed in order to promote sintering of the 
aluminum nitride powder. It is preferable that the 3rttrium and the 
aluminum nitride are evenly compounded in micro scale. In the case of 



uneven dispersion, uneven liquid-phase formation takes place and, at the 
time of sintering, especially in the case of a large-sized product, the 
shrinkage ratio difference occurs between the inside and the outside and 
density becomes uneven to result in occurrence easiness of warping and 
cracking. An alumina-3rttrium compounded powder may be obtained by 
compounding alumina and a yttrium compound, then subjecting to 
nitriding reaction. Commonly, it may be obtained by titrating dropwise 
an aqueous solution such as yttrium nitrate to an alumina slurry, causing 
neutralizing precipitation with ammonia water or the like, then 
precipitating and coating the yttrium compound on the surface of 
alumina for compounding the resultant, and after that, further carrying 
out conventional reductive nitridation, that is, mixing the alumina 
powder coated with the yttrium compound with carbon and nitriding the 
mixture at 1400 to 1700^ 
[0012] 

Sulfur may be added to the aluminum nitride powder by using a 
carbon powder with a high content of a sulfur compound at the time of 
the above-mentioned reductive nitridation or a sulfur simple substance or 
a sulfur-containing: substance such as an aluminum sulfate powder may 
be added at the time of the nitriding reaction. 
[0013] 

In the present invention, 0,1 to 3 parts by weight of a calcium 
compound in terms of calcium oxide is added to and mixed with 100 parts 
by weight of the aluminum nitride powder having the above-mentioned 
physical properties and the resultant mixture is formed. Then, the 
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formed body is fired under a non-oxidizing atmosphere. The method of 
adding, the calcium compound is not particularly limited; however, 
generally the aluminum nitride powder is dispersed in an organic solvent 
and the calcium compound may be added to the obtained dispersion. 
Although the state of the calcium compound to be used is not particularly 
limited, calcium carbonate, calcium nitrate and the like are preferably 
used. It is not preferable if the addition amount of the calcium 
compound to the aluminum nitride powder is less since no effect on low 
temperature sintering is attained, while it is not also preferable if it is too 
high, since the characteristics of the sintered body are adversely 
deteriorated. 
[0014] 

In general, an organic binder is added to and dispersed in the 
above-mentioned organic solvent in order to improve the formability. In 
this case, the organic solvent in which the aluminum nitride powder, the 
calcium compound and the binder are dispersed is well stirred to evenly 
mix them and then dried to obtain a composition for sintered body 
production. 
[0015] 

The mixed powder comprised of the aluminum nitride powder, the 
calcium compound, and optionally the binder is then formed into a 
desired shape and the forming method is not particularly limited. A 
common uniaxial press, a hydroisostatic press and the lilte are preferably 
employed. At the time of sintering, it may be carried out under a 
non-oxidizing atmosphere such as nitrogen. 
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[0016] 

[Effects of the Invention] 

It was found tliat, according to tlxe method of the present 
invention described above in detail, a relatively large-sized sintered body 
can be produced at a low temperature around 1700°C with a good 
production yield by an extremely simple method involving obtaining a 
raw material of a sintered body by mixing a specified amount of a calcium 
compound with an aluminum nitride powder previously compounded with 
yttrium or a yttrium compound and having specified physical properties, 
and forming and sintering the obtained mixture; therefore, the present 
invention is significantly valuable in industrial fields. 
[0017] 
[Examples] 

Hereinafter, embodiments of the present invention will be 
described practically with reference to Examples; however, the present 
invention is not to be considered as being limited by the following 
Examples. It is to be noted that the characteristics and properties of a 
powder were measured by the following devices and methods in the 
method of the present invention. 
[0018] 

(1) Average particle size and content of fine particle with particle 
diameter of 1 jim or less 

Sedigraph E5000, manufactured by Micromeritics Co. 

3 g of an aluminum nitride-type powder was dispersed in 40 g of 
n-butanol solution containing 0.5% by weight of Ceramo D-18 made by 



Dai-Ichi Kogyo Seiyaku Co., Ltd. by ultrasonic wave for 10 minutes to 
carry out measurement. With respect to an alumina powder, 3 g of an 
alumina powder was dispersed in 47 g of an aqueous solution containing 
0.1% by weight of sodium hexametaphosphate by ultrasonic wave for 10 
minutes to carry out measurement. 
[0019] 

(2) BET specific surface area 

BET specific surface area measurement device: Microsorb II, 
manufactured by Micromeritics Co. 
[0020] 

(3) Oxygen amount 

Analyzer of oxygen and nitrogen in ceramic: EMGA-2800, 
manufactured by Horiba, Ltd. 

A silicon nitride powder R-005 made by The Ceramic Society of 
Japan was employed as a standard sample. 
[0021] 

(4) Pressurized powder body density 

Using a uniaxial forming die with a diameter of 20 mm, 3 g of an 
aluminum nitride-type powder was formed into a pellet shape by applying 
a pressure of 1000 kg/cm^ without adding a binder or the like, and the 
density was calculated from the size and the weight. 
[0022] 

(5) Sulfur content in carbon powder and aluminum nitride-type 

powder 

Measurement was carried out by fluorescent x-ray analyzer PW 
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1480 model manufactured by Phillips Co., Ltd. through employment of a 
calibration curve produced by carbon samples with known-content. 
[0023] ' 
Example 1 

8.3 parts of Noigen EA-137 made by Dai-Ichi Kogyo Seiyaku Co., 
Ltd, 7.5 parts of SN-DISPERSANT 5468 made by San Nopco Ltd. and 
29.4 parts of polyethylene glycol #1000 were dissolved in 1500 parts of 
water, and 2000 parts of an alumina powder with an average particle 
diameter of 0.5 jim, a BET specific surface area of 7.6 m^/g and a Na20 
content of 0.26% were added thereto and dispersed therein by ultrasonic 
treatment for 30 minutes. An aqueous yttrium nitrate solution was 
dropwise titrated to the produced alumina slurry so as to have 49.7 parts 
of Y2O3. The aqueous yttrium nitrate solution was adjusted so as to 
contain 100 g ofY as Y2O3 in 1000 mL. The titrated amount of jrttrium 
nitrate was equivalent to 3% by weight in terms of yttrium oxide in an 
aluminum nitride-type powder to be produced. Simultaneously with the 
dropwise titration of 3rttrium nitrate, concentrated ammonia water was 
dropwise titrated to adjust pH to be 9.5. 82.5 parts of SN-DISPERSANT 
5468 was also dropwise titrated simultaneously thereto to suppress the 
increase of viscosity. An alumina slurry in which thus obtained alumina 
was coated with yttrium hydroxide was mixed with 941 parts of a carbon 
powder (sulfur content is 0.26 parts by weight per 100 parts by weight of 
the carbon powder) using a particle granulator manufactured by Fuji 
Sangyo Co., Ltd. for 20 minutes. The produced mixture was dried at 
120°C for 15 hours to obtain a raw material for nitriding reaction. 400 
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parts of the obtained raw material for nitriding reaction was loaded onto 
a tray made of graphite in 15 mm thickness and fired at 1660°C for 8 
hours in nitrogen gas flow to carry out nitriding reaction. The 
temperature raising rate was controlled to be 2.6 °C/min. After the 
nitriding reaction, excess carbon was removed by firing at 700°C for 2 
hours in air to obtain an aluminum nitride-jrttrium compounded powder. 
The characteristics and properties of the obtained compounded powder 
are shown in Table 1. The oxygen amount of thus obtained compounded 
powder was 1.75%. The compounded powder was sintered by the 
following method. 0.1 parts of Ceramo D-18 made by Dai-Ichi Kogyo 
Seiyaku Co., Ltd. as a dispersant and 0.2 parts of acrylic resin as a binder 
were dissolved in 40 parts of n-butanol, and 0.36 parts of calcium 
carbonate and 20 parts of the compounded powder were added thereto. 
The resultant was subjected to ball mill mixing for 4 hours using plastic 
balls with iron-core having a diameter of 15 mm and then dried. The 
obtained mixture was press-formed into a size of 10 cm x 10 cm x 1 cm 
thickness by applying a pressure of 300 kg/cm^ using a die, and further 
formed by applying a pressure of 1500 kg/cm^ by rubber press to produce 
a formed body. The formed body was kept at 1700°C for 5 hours in a 
double container made of carbon in nitrogen atmosphere to carry out 
normal pressure sintering. The appearance (coloration unevenness) of 
the obtained sintered body was observed and the dispersion of the density 
at two points of the right and left in the upper end (1 cm portions from 
the end part, denoted as A and B from the left), two points of the right 
and left in the lower end (1 cm portions from the end part, denoted as D 
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and E from the left), and the center portion (denoted as C) was measured. 

The results are shown in Table 2. 

[0024] 

Comparative Example 1 

8.3 parts of Noigen EA-137 made by Dai-Ichi Kogyo Seiyaku Co., 
Ltd., 7.5 parts of SN-DISPERSANT 5468 made by San Nopco Ltd. and 
29.4 parts of polyethylene glycol #1000 were dissolved in 1500 parts of 
water, and 2000 parts of an alumina powder with a center particle 
diameter of 0.5 jxm, a BET specific surface area of 7.6 m^/g and a Na20 
content of 0.26% was added thereto and dispersed therein by ultrasonic 
treatment for 30 minutes. Thus obtained alumina slurry was mixed 
with 941 parts of a carbon powder (sulfur content is 0.05 parts by weight 
or' less per 100 parts by weight of the carbon powder) using a particle 
granulator manufactured by Fuji Sangyo Co.,' Ltd. for 20 minutes. The 
produced mixture was dried at 120°C for 15 hours to obtain a raw 
material for nitriding reaction. 400 parts of the obtained raw material 
for nitriding reaction was loaded onto a tray made of graphite in 15 mm 
thickness and fired at 1660^C for 8 hours in nitrogen gas flow to carry out 
nitriding reaction. The temperature raising rate was controlled to be 2.6 
°C/min. After the nitriding reaction, the reaction product was 
pulverized by a ball mill for about 3 Hr and fired at 700°C for 2 hours in 
air to remove excess carbon and obtained an aluminum nitride-type 
powder. The characteristics and properties of the obtained aluminum 
nitride-type powder are shown in Table 1. Additionally, the oxygen 
amount of the obtained aluminum nitride-type powder was 1.25%. At 
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the time of sintering, the obtained powder was sintered by the same 
method as that of Example 1, except that a mixed powder obtained by 
mixing 0.6 parts of j^trium oxide (the addition ratio of 3rttrium oxide to 
the aluminum nitride powder was 3.0% by weight) with 19.4 parts of the 
aluminum nitride powder obtained in the above-mentioned method was 
used in place of the aluminum nitride-yttrium compounded powder of 
Example 1 and the dispersion of density was investigated in the same 
manner. The results are shown in Table 2. 
[0025] 

Comparative Example 2 

Sintering was carried out by the same method as that of 
Comparative Example 1, except that a commercially available powder 
with a large particle diameter shown in Table 1 was used in place of the 
aluminum nitride powder of Comparative Example 1. The sintering 
density was measured and the dispersion of density was investigated in 
the same manner. The results are shown in Table 2. As being made 
clear from the results, the sintering density was 3.14 g/cc on the average 
and did not reach 3.20 g/cc showing insufficient promotion of sintering. 
[0026] 

Comparative Example 3 

Sintering was carried out using the same compounded powder as 
that of Example 1 by the same method as that of Example 1, except that 
no calcium compound was added. The sintering density was 2.74 g/cc on 
the average, showing that no sintering was promoted. 



14 



Note 


Oxygen: 1.75% 
Oxygen: 1,25% 
Oxygen: 0.85% 


Sulfur content 
(ppm) 


2 o o 

^ ^ ^ 


Specific surface 
area 
(mVg) 


cq CO 
cq CO cq 


CQ 
QQ 
CD 

B ^ 
=1 




Average particle 
diameter 

(m) 


CO cq 

cq' T-i CM* 




Example 1 

Comparative 
Example 1 

Comparative 
Example 2 



« CO 
O O 



cd 
o 



PQ 



So S 

o cd 
o H 



C3 
13 



CQ 

bo 

CO 



t3 
> 

O) 
CQ 

O 

o 



> 
CQ 

O 





CO 










CO 


CO* 


CO* 







CO 






rH 


CO 


CO 


CO 





CO 


05 






o 


CO 


CO 


CO 





CO 




CQ 






co' 


co' 


CO 





CO 


UD 


cq 


CQ 




CO 


CO 


CO 



S 

X 



a; CD 

> i-H > Cq 

•P-l -F-l 

cd g cd g 

s S a S 



CO 



{51)Int.Cl.» 

C 0 4 B 35/58 

C 0 1 B 21/072 

C 0 4 B 35/58 



10 4 F 8821-4G 
R 7305-4G 
10 4 R 8821-4G 



F I 



#f^¥5-97523 

(43)^iigSa ¥P£ 5 ^(1993) 4 ^208 



(21) ttSglS^ 

(22) aiSB 



*#Si¥3- 256512 

sFe£ 3*^(1991)10^ 3 B 



(54) [¥tm<r>zm s{b7;i'£-'5A^S<4:wSJjt:^S 

(57) [^3s«Jl 

[«fiS;i ¥J^feSl. 5 wm~5 wm. filSl umfil 
0 p Dm^*l.T/Si5gft:7JUS-':7At95Sl 0 OSS 

gis tc * -> o A fk^ ^ SE^t * ''^ "> ^ ° • 

T -C e£ r •5 - S: 4# as t T •5 S f k 7 J U S - -i? ^ ^ * 



(71) U1SA 000002093 

. ^Kfi^^lSrfJ4'^K:ltS4Ta5#33^. 

(72) ^B^« 

(72)%B«^ g^l: m 



(74) 



-143- 



\* 

1 

Cli:RJIl] ^i^KSl. 5 Mm- 5 Mm. eg 1 a 
3. 5m^ /g«TT, ^-y hU'^AStli-f 'y hU-^ 

0 p pm^WUT/j:^S{b7;Ui-C7A?9^ 1 0 0 23 

1. 5Mm-5Atm, 1 u e^TcO^aSi^^ST^U 5 
aS%iXT. BETJtS®IS7:/<3. Sm^ /gWTT. 
b^JOA^rz\t-f y hU'>A{b^^^®{t< -y 

'^Atc^suTo. 5--5mm%^^L. nj^-D^mit^ 

^^^i.n7tmtLX7 0- 5 0 0 p Dm^^LXU^^ 
[0 0 0 1 1 
[0 0 0 2] 

<, r CStR • /^-y^-'^^Wlsf, t:-h'>>^. ip«, 

^ ^ ^7^: ch' ^ ^ 7^^^ l£f i L T tt @ $ nri ^ -5 , 

[0 0 0 3] ci;0fit^T^$S^t^'5/ifi6|-ti2^a(7DA i 
fflT^l^^^^(Cta.^E^g;)<±7i^0tC< <. Yi Oj 

i <7:) m ^ -d: r ffl t ^ ^ ^ ^ t c t s - a ct:) ^ 8^ ]?j ^ — t z ^j- 

L iH.^;t ai) f# b n ^ *coft i± (c/K ^ o ^ ^ ± l; 

ai^^i^irsiizs*^. nizz<Dmi^'it±M(omf^»{^^±t 
<. ±m<Dm^^i^^mmr^m\zit. mm\z^r)m^(o 

^ < ^ 66 i^lS/i<it ^ /j: I ^ <h co:^ fi;^ ^ ^ -r -5 • 
[0 0 0 4 J 



(2) ?#M¥5 - 9 7 5 2 3 

C7Aft^^^?s&Lfc4$s^tt^wr^g{k7;u5iiC7 
A1»5!^ict#^fio:/j;L''>'i7A{k&#3^/g^Lj^^^®?4 

t/UL. zti^^im. ^ssr^m^\z\t±.us&^/)^r^ 

[0 0 0 5] 

SiSl. 5 Mm-5 Mm, SSI Mt^Tc:)aS^WS7:i^ 
10 15SS%i^T, BETtbS®IS^«3. 5m» /gWT 
<'y h'J'^ A^Acl^-f ^y h U »ir Afk&ft ^S^k-f y 
h 'J '^AtZ^^LTO. S-52a.%^WL. ;5^055|| 

it^'»f^mm7cmtLX7 o-s o o p pm^^Lxu 

m^mttiJi^i^OA\Z^WLX0, l-3Magg^ftP. 

[ 0 0 0 6] i^kT^^m^mm\zmmr^. ^^m\zm 

20 ^-r^^<b7;U5-'>Aa5Sti, 5Mm- 
TifM . 5 Mm5S^T(i£^J^0$coa^r«1tC±i;^TJ^(D;J^ 

[ 0 0 0 7] S AcS{t:7;U^-'^A8j5Sti. Mm 

30 [ 0 0 0 8] :^^m^zmm-r^m<tTj[^^-oAm'^(o 

itH®«tl3. 5m^ ysKKT. (tf^L<i,t2, 5 m^ 

ti-^^>^^m^^^<u^tm,ifS\zmmm^R\£L. m 
[ 0 0 0 9] 5 6tcg{k;7;u^ -'^zAj^jj^cfJici^:, s^e 

h U -^A^l^ti-i- -y h 'J OAit^^f}^i^~iZ^^^nx 
K-^f^^itlirtr^'hU^K < V H 'J •:7A^t.^ti-f -y h ^J02^ 

40 i\:^^<7:>^mm\tmt^ y v^')oix\z^n\^xmo. 5 
--msmmx^wimfi^^mxh^. m^^M.f)^o, 5M 

[0 0 101 ffiE$S@^^lT*^< -y h O h.m^kt'i y h 

u r:7A{t:^^^^WLA-*:^B^(c^i^^gffc7;u= -':7 

A^J)3St^, ^bfC5Sltffc:S-til^55S7C«<hLT7 0-5 

0 0 p pm^^^nrt'^^ c<h7:><'£'gr*^- g^d^i^i^ 

T ^ 5i?[ S a T C <!: <t 0 it P 
^n^, ^ft7;U5 :::'^A«)*iZ^Lr{Sllft:^»;i« 
M7C^<hi.T 7 0 p pmct 0'>/^l^if g-tc^i+j^/^j^^ 

tiiSd^enr, 5 0 0 p p mc^ o^t/^«^(3Jiis^#ia 



3 

(0 0 11] :^Rm\zm^^^m{t7Jv^=.0L.mM\tm 

^^^{z^^^LXi^^r^^-tti^iUibfj.^^ J7*C< ti^ft 
TJV^-OAt^^ a^ummxi^-'\zm^^nx^^^ 

tf^omf^\zmL, mz±m&(Dm'^. f^g5<h^g5<7D« 

iiTc^fbffi, mt><-j h'joj^it^^x^m^ntzTJi 
^^tsm^ti-n'^>^im'^u. i4 0or-i7oot: 

[0 0 12] ^{b7;u^-'^Att^'^'N.co{5!im<?5^iiaii 
± isa 7c ^{b -r -5 ;^ - 4^ > i L T esm fb^ 
^<D^mR(Dm^^h<D^m^^xh^^'^L. sfbSfPtcs 

I ^ L a * lE ^ ^ t i Sit 7 ; b 5 - C7 A ijr) ^ ^ (?:) Bt ^ a W 

[0 0 13] :^^m\z:t6i,^x\t±td,^\±^^r^^ity 
ji^^-o/^.mm I 0 oasatc:^;U'>C7A{b^^^^fb 

;^;u>"^Atcm^UT0. 1 ~3MSSS^Jtia. « 

mLfz'ik. 4mit\±n^%Txm^r^. cn6;^;u>' 
':>Afb^^c75?^;tJii:^?£H^#(c$(|P5$n;^jn.^^^ Sfb7;u 
^ -':7A«}*^ffi«^«Si«tc5J«iL, ;^j;u>'C7A{b^ 

fJ.^ti^^AjXm^^'bti^. ^{tTJl^i^OL^mMiZ^T 

^ ti )i -> ^ L.<t^^(DmmM^^'>f<^^^tis.i^m^(D9J}^ 

[0 0 14] ^rzM'^n^Bit^B^tffrj.^Lis^^rzi^^ 
m^^^ >:^-^±t^mmmmz^mmwr^. zcd^^ 
{z\tmit7)i^^^oi^m^-t}ji^'>oi^it^m'y^^ > 

(0 0 1 5] ^{tT)i^^ =LOL.mmttl)i^'>OL^1t^ 



(3) 4#M¥5 - 9 7 5 2 3 

4 

^^^^Tffi>^$n^. m.^\z^.ux\t^p^r^^a:>nm{t\i 

(0 0 1 6] 

h'J'?Altl.^ti-f hU'>A{b^^^a^L;'c4#S 

^tt^W-r^S{b7;us-':7A»*tz*fSSco:t/;U'>'^ 
Afb^^^r/g^bs^^fi^isf^TiU, cn^^K^g, 

10 1 7 0 0t:ggC7)fgtaT#S0 J:<S3iT'#^C^^^ 
[0 0 171 

ittB^-r-ST^^ ifRm\t.Tiz%i&m\z^y)m^^n^h<o 
xm^^'^. fx,^. :^^my5mz^^^x^^<D'^\tmxT 
<D^m^xuyim\z^r^m^\^tt. 

[0 0 18] ®^l^Sg&^S@l Mmi^TcoaS^W 

s 

^00 

^{b7;u^-':>AS1»^3 g^, ^-xns^tt^C^tt 

0 g^a^St!! 0^fr«1i!lSTSC:<hlCct0^^ti^$1tT 

a'l^Lxfc- 7;u^:^l^)*(c::3i^T(i, 7;u^^»*3g 
7 gtca^ifi-ci o6^m^m't^^t\z^r^ii^^'^x 

[0 0 19] Q>BETltBMm 
30 V>r ^ n V — T'll 

[0 0 2 0] ommm 

^«af^mS -t^^ -y ^X^S^^g^^tff^S EM 
GA- 2 8 0 0 

mm^R'O 0 5 ^{SfflLAca 
[0 0 2 1 ] ®jEfi)(*Sg 

lEg 2 0 mm<D-m^m&m^mm mt7}\^i^o 

A^S}^ 3 g >i/^<0^^jQ;^<tLT 1 0 0 0 kg/ 

cm' <DE.fi^1S^?<.X^\^-j \-^\Z^mL. -^mtm^ 
40 Tb^'bmm^W^Lf:!. 

[0 0 2 2] ©:^-#>t»^i3<i:t/gffc7;i'^-0AS 

: 7^ 'J -y 7';^ttS^7tX^^tfT^gPWl 4 8 01!€: 

[0 0 2 3] -^mm 1 

* 1 5 0 ogBtc^-iiis^t^5C^ttay<y>EA- 

137^8. 3gg, t^>y yn^tSSS N-D I S PE R 
SANT 5 4 6 8 ^7. 5 gB. 'J X5^U >^'J 
5^? # 1 0 0 0$: 2 9. 4ggg«^-tt, ^i^e@/?<0. 5u 



(4) 



nSH^S- 9 7 5 2 3 



-C. BETtt^Bfa?. 6m» /gTNa, Og^S*< 
0. 2 6 %C757;U5 :>-ia2 0 0 OSB^iaAT. 3 0^irH 

9. 7gBin£2>J;^fSTL.t. ffig-f -v K U ATkiSffi 
^iCliYdn 0 0 Om 1 'f'lCY: Oj tLTl OOg^ 

*BJ:-r5S{t7;U5r:-5ASt9^lc3^ USEfb-f -y > 'J 
AIC^S:LT3 Sa^toffl^r-S. ffig-r -y ^ U -^AO 
iHTi:l5]^IC!a7>^:^77K5:fgTL, PH*^9. SIC 
/i£-5cl;-5 (CiSaE L. SZ::S N-D I S P E R S ANT 5 
4 6 8 t)82. 5g?[^S^(CigTU. ttS±#£ffIAt. 
C« J; -5 (C LT?#^>nZt7;i^5 :MC7j<S{k-f y h 'J "JA 

ad<*-3l^>t»* 1 0 0a*gSlC?tL.0. 2 6 2*g6) 
9 4 l^ii^-§±mm&^^^itSm-9-'< tJJlify-rL 

ICS* 1 5mmt/j:-5J;^lCttiii^. S?^^5S* 166 
2. 6t:/^5^tLfe. gftSlPtg, S^'t'T? 0 O-CfC 
r>A-'r-y h'J ■^A®&ta3S£t#fe. f#6n;t^^ajj5 

Tfr^fci n -y^/-;i/4 OgSlC. ^J^^JtLT^- 
XlS£!iE*fc^^a:3a-t:5^:D- 1 8 SrO. IgB. /"CO 

■i/AO. 3 63?. S&l»^2 OgSSr^AoLT. iSg 1 5 
mm<7)|St--E:A0 7'7;^f^-yi7:t?-;i'SSfflLT. 4^-;!/ 

s;i-/g^€:4R?r.iff^fc!$»cK^$-a-fc. i^m-^^^^ 

Si€®fflL,T3 0 0 k g/cm^ WJI:^T 1 0 c mx 1 
0 cmx;?$ 1 cmO:;*:^^ElcyuXfiJjeL. *6lC5 
/N'-yuXiCcfcO 1 5 0 0 k g/cm' WJE:^-Cfi£JBS: 

>acO-a^§l4'T. 1 7 0 O-CTSP^ra^^LT^fiE 

O&lcmrogS^^. f£]A^oT£J;OD, EttZT) . S 
co;^:^S:S2»CS-r. 



(0 0 2 4] JttSJS^l 

* 1 5 0 0 ^izm-nm^m^^^it^/ y>EA- 

137«r8. 3 gS. ■tf>>'7'3itaSN-D I S PER 
SANT 5 4 6 8 S-7. 5 88. 4?Ux5=-U>i^'J 

* 1 0 0 0^:2 9. 4 SBig/SS-ti-. c|>.C>}Sigd*0. 5 « 
-C. BETitSSa?. 6m» /g TN a. OtWft*< 
0. 2 6 JicDZ^l'S ±t92 0 0 OgSSrinAT. 3 O^J'fin 
WS^SiMS(CJ;0 5^gi$-&fc. CUTJi^lCLTtte-n 

io ;t?>t95S 1 0 oasssic^tLo. osnagswT) 94 

{t:S^ffll^*4 4 0 Ogg^iT'^^T-f MJWhU-±lcS 

* 1 5 mmt/U-Scfc^lCftji*. gjgSoS^ 1 6 6 Ot: 

jcTSKjrflJSfiEu^ftKfljsff-^fc. ^umm\t2. a 
Hrm^L. ^^^-c7 0 ox:\zx2mri\mB!iL, ^'m 
a? en;tsfb7;i'5:z'i7ASt9^w^tt£Si tc^-r. ^ 

fc#6nfc^{t7;U5X'^7ASt95SroS5gafi 1 . 2 5 

OK-^'j h UC'AiS^W*<73f^*5 0»C±ie:^ST?ffc 
m.i\:T}V5.-0h.1!d^l ^. 4g5lcSJfk'r-y hUC^A 
0. 6gS (^{k7>lU5^<:7Aa*IC*t-r5SE{t-I'-y h'J 
■;7Ac0^1lDi!l-g-ti 3. 0ma%-C*-5) =£:^ilDfl^Ufc 
^figffl L/cffi{i^< ^JSesj 1 ip]^/i:^ffilc J; 0 iSS 

$^2ics-r. 

50 [0 0 2 5] ttU^iJ 2 

1 ic.T;-res<oA#t^t&*^ffli'»;tffiiitbaesi i 

f. cniOa«6;5»;iCi^lCi^^^Sdt¥1^3. 14g 
/cc-C'3. 2 0 g/c c iC^-a-rMiBzifjE^itAyTl'i 

(0 0 2 6] it«0i|3 
HJSfisj 1 <t|5USrotSot95SS:fflC>. ;*j;i'>":7Aft&iei(75 

mtW-i^2. 7 4 g/c c-ClS«SLT!<^7i;l»-3Zt. 
(0 0 2 7] 

[^1] 




(5) it$gfl¥5-97S23 
7 8 







1 u&TF 






m 










Or/g) 


(pp«) 








2. 3 


7 


2, 2 


17 0 


M*1.75!l 


W^i^XSi 1 


1 o 




o . 7 


1 0 


K^l. 2SS( 




2. 4 


5 


2, 3 


4 0 












(g/c<£) 








i 


^ 10 










A 


B 


c 


D 


E 




1 


3.2 5 


3.2 4 


3.2 4 


3. 24 


3. 24 






3.2 6 


3. 2 3 


3.16 


3. 2 4 


3. 2 3 






3. 1 5 


3.17 


3.0 9 


3. 1 3 


3 . 1 7 





— 147— 



